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© A die (16) and method for forming indentations 
in a grounding rod (32). The die (16) is a U-shaped 
die for use in a hydraulic compression tool. The die 
has an inner face forming a general recess and has 
a plurality of series of individual tooth-like projections 
(22a-d, 24-28). The die is used to form a plurality of 
series of individual tooth-like indentations (36) on an 
exterior surface of the grounding rod (32) such that a 
connector (34) can be compressed onto the rod (32) 
with portions of the connector (34) being deformed 
into the indentations (36) to fixedly connect the con- 
nector (34) to the rod (32). 



FIG. 3t 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to metal deform- 
ing dies and, more particularly, to a die for prepar- 
ing a member for connection of a connector and a 
method of connecting two members together. 

2. Prior Art 

Deformable metal connectors have been used 
in the past to connect electrical cables with metal 
grounding rods. One type of grounding rods are 
generally comprised of solid metal with a smooth 
exterior. The connector is usually placed over the 
rod and compressed or crimped by a tool such as 
a hydraulic compression tool to secure the connec- 
tor onto the rod. The connector is likewise crimped 
with the electrical cable such that an electrical and 
mechanical connection is made between the rod 
and the cable. 

In the past, there have been reported cases of 
connectors slipping on the grounding rods after 
installation. The occurrences of connector slippage 
were usually reported where significant vibrations 
from electric and pneumatic hammers resulted in 
loosening of the compressive crimp of the com- 
pressed connectors. Loosening of the compressed 
connector from the grounding rod could allow for 
complete failure of the mechanical connection. 
Thus, some compression type connectors needed 
to be recrimped, replaced, or not used in favor of 
more expensive alternate types of connectors. 

It is therefore an objective of the present inven- 
tion to overcome the disadvantages in the prior art 
as well as provide additional features. 

SUMMARY OF THE INVENTION 

The foregoing problems are overcome and oth- 
er advantages are provided by a die for use in a 
hydraulic compression tool for deforming a ground- 
ing rod to make an interlocking connection with a 
compression connector and a method of connect- 
ing a grounding rod with an electrical cable. 

In accordance with one embodiment of the 
invention a U-shaped indenting die is provided for 
use with a cooperating die in a hydraulic compres- 
sion tool for forming indentations in a grounding 
rod. The die has an outer face suitably sized and 
shaped to be received in a jaw of a hydraulic 
compression tool. The die also has an inner face 
forming a general recess and having a plurality of 
series of individual tooth-like projections projecting 
into the recess such that the grounding rod can be 
indented by the die to form a plurality of series of 
individual tooth-like indentations on an exterior sur- 



face of the rod and a connector can be com- 
pressed onto the rod with portions of the connector 
being deformed into the individual indentations in 
each series to fixedly connect the connector to the 
5 rod. 

In accordance with one method of the inven- 
tion, a method is provided of forming a mechanical 
and electrical connection between a grounding rod 
and an electrical cable. The method comprises 

10 indenting an exterior surface of the rod to form 
tooth-like indentations; positioning a connector over 
the rod at the indentations; and compressing the 
connector onto the rod at the indentations, the 
connector deforming, at least partially, into the in- 

75 dentations to thereby provide an interlocking en- 
gagement between the connector and the rod. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 The foregoing aspects and other features of 

the invention are explained in the following descrip- 
tion, taken in connection with the accompanying 
drawings, wherein: 

Fig. 1 is a perspective view of a connector 
25 electrically and mechanically connecting a 

grounding rod with an electrical cable. 

Fig. 2 is a perspective view of a hand held 

hydraulic crimper known in the prior art. 

Fig. 3 is a perspective view of a die incorporat- 
30 ing features of the present invention intended for 

use in the crimper shown in Fig. 2. 

Fig. 4 is a partial cross-sectional view of a 

grounding bar deformed by the die shown in 

Fig. 3 taken along line 4-4. 
35 Fig. 5 is a perspective view of the grounding bar 

shown in Fig. 4 after having been deformed by 

the die shown in Fig. 3. 

DETAILED DESCRIPTION OF THE INVENTION 

40 

Referring to the various figures, the hand held 
hydraulic crimper 10 is of the type having upper 
and lower jaws for receiving crimping dies such as 
disclosed in U.S. Patent 4,942,757 and U.S. Patent 

45 4,947,672 which are hereby incorporated by refer- 
ence in their entirety herein. Although the crimper 
10 is normally used to crimp connectors onto 
members such as cables and the like, in the em- 
bodiment shown, the "U" crimping dies have been 

so replaced with two grounding bar deforming dies 16. 
The two deforming dies 16 are substantially minor 
images of each other and are adapted to be re- 
ceived into the upper and lower jaws 12 and 14 of 
the crimper 10. Each of the dies 16 is comprised of 

55 metal, such as hardened steel, and has a general 
semi-tubular shape with a curved exterior wall 18 
and a recess 1 9 that is generally U-shaped with a 
curved interior wall 20. Located on the interior wall 



2 



3 



EP 0 477 893 A1 



4 



20 are a plurality of series of tooth-like projections 
22. In the embodiment shown, each die 16 has five 
series or rows 24, 25, 26, 27, 28 of projections 22 
with each row being identical to each other and 
having four projections each. However, any suitable 
number or configuration of series of projections 
may be provided. 

As shown in Fig. 1, in order to electrically and 
mechanically connect the electrical cable 30 to the 
grounding rod or bar 32, a connecter 34 is used. 
The connector 34 is generally comprised of a de- 
formable electrically conductive material such as 
copper and can be deformed or crimped onto the 
cable 30 and rod 32. However, as noted above, in 
the post, due to vibrations and the like, and the fact 
that the rod 32 has a generally smooth exterior, 
connectors could slip on the grounding rod. The 
present invention uses the crimper 10 and deform- 
ing dies 16 to pre-deform the grounding rod 32 
prior to crimping of the connector 34 thereon. The 
pre-deformation of the rod 32 by the projections 22 
of the die 16 forms indentations 36 as generally 
illustrated in Fig. 5. Before crimping or compress- 
ing the connector 34 to the grounding rod 32, the 
crimper 10 has the dies 16 inserted into the jaws 
12 and 14. The jaws 12 and 14 are linearly moved 
relative to each other by pumping the handles of 
the crimper 10. The dies 16 capture the circum- 
ference of the grounding rod 32 with its teeth 22. 
Upon further pumping of the crimper handles, pres- 
sure is applied to further move the dies 16 towards 
each other to press the teeth into the rod 32 and 
form indentations 36. Once the indentations 36 are 
formed in the rod 32, the crimper 10 is removed. 
The dies 16 are then removed from the crimper 10. 
The connector 34 can then be positioned on the 
rod 32 over the indentations 36. The operator in- 
stalls crimping dies (not shown) into jaws 12 and 
14 of the crimper 10 and then crimps or com- 
presses the connector 34 onto the rod 32. As the 
connector 34 is compressed, it deforms around the 
rod 32 and, due to the presence of the indentations 
or voids in the rod 32, deforms, at least partially, 
into the indentations 36 to provide an interlocking 
fit between the connector 34 and the rod 32. The 
cable 30 can then also be inserted into the connec- 
tor 34 can crimped thereto. Of course, the cable 30 
could be crimped to the connector prior to connec- 
tion of the connector 34 to the bar 32. In addition, 
any suitable type of connector could be used. Any 
suitable type of compression tool could also be 
used. In addition, two deformation dies 16 may not 
be necessary. One or more than two deforming 
dies may be used. The deforming dies 16 may 
also be provided with any suitable size, shape and 
type of materials. 

In the embodiment shown, the teeth or protru- 
sions 22 and interior wall 20 have been designed 



for a particular sized rod 32. In each series of 
teeth, in the embodiment shown, there are two sets 
of two teeth each that are mirror images of each 
other. Each set has an exterior tooth 22a and 22d 

5 having a triangular shape with about a 60 degree 
apex angle A and, an interior tooth 22b and 22c 
having a triangular shape with about a 90 degree 
apex angle B. Each tooth is angled in a direction 
generally perpendicular to a meeting face 38 of the 

w dies 16. In the embodiment shown, each tooth 22 
is generally triangular or pyramid shaped. Also in 
the embodiment shown, the teeth 22 are about 30 
degrees apart on the curved interior wall 20. How- 
ever, any suitable sized and shaped teeth could be 

75 provided and at any suitable orientation to each 
other. 

From the above description the features and 
advantages of the present invention should be 
readily understood. Unlike in the prior art, the ad- 

20 ded step of first pre-deforming the grounding bar 
32 before crimping the connector 34 onto the bar 
virtually eliminates any risk of the connector slip- 
ping on the bar. Since the deforming dies 16 can 
be used with the crimper 10, no additional tooling 

25 other than the dies 16 need be provided. In order 
to get good penetration of the bar 32 by the teeth 
22, the teeth are orientated generally in the direc- 
tion of the path of relative movement of the dies 
towards each other. Thus, even though the bar 32 

30 has a curved outer perimeter and the dies 16 only 
have a relative linear motion towards each other, 
the positioning of the teeth 22 on the curved inte- 
rior wall 20 and their orientation allow the proper 
formation of indentations 36 to receive deformed 

35 portions of the connector that flow into the indenta- 
tions and thereby interlock the connector with the 
bar to prevent slipage. 

Let it be understood that the the foregoing 
description is only illustrative of the invention. Var- 

40 ious alternatives and modifications can be devised 
by those skilled in the art without departing from 
the spirit of the invention. Accordingly, the present 
invention is intended to embrace all such alter- 
natives, modifications and variances which fall with- 

45 in the scope of the appended claims. 

Claims 

1. A method of forming a mechanical and elec- 
50 trical connection between a grounding rod (32) 

and an electrical cable (30), the method com- 
prising: 

indenting an exterior surface of the rod (32) by 
55 use of a hydraulic compression tool having U- 

shaped dies with tooth-like protuberances (24- 
28) to form tooth-like indentations (36) on the 
rod exterior surface; 
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positioning a connector (34) over the rod at the 
indentations; 

and 

compressing the connector (34) onto the rod 
(32) at the indentations, the connector deform- 
ing, at least partially, into the indentations to 
thereby provide an interlocking engagement 
between the connector (34) and the rod (32). 

2. A method as in Claim 1 further comprising 
connecting the cable (30) to the connector 
(34). 

3. A method as in Claim 1 wherein the step of 
compressing the connector (34) onto the rod 
(32) comprises crimping the connector (34) 
with a hydraulic compression tool. 

4. A method as in Claim 1 wherein the step of 
indenting the exterior surface of the rod (32) 
forms a plurality of series of individual tooth- 
like projections (24-28). 

5. A method as in Claim 1 wherein the method 
uses two U-shaped dies (16) that are moved 
towards each other and their protuberances 
(24-28) are angled at a direction generally per- 
pendicular to a meeting plane of the dies (16) 
such that the dies can form the indentations in 
the rod (32) without substantial risk of the 
protuberances being broken by the compres- 
sion. 

6. A U-shaped indenting die (16) for use with a 
cooperating die (16) in a hydraulic compres- 
sion tool (10) for forming indentations in a 
grounding rod (32), the die comprising: 

an outer face suitably sized and shaped to be 
received in a jaw (12, 14) of the hydraulic 
compression tool (10); 

and 



(32). 

7. An indenting die as in Claim 6 wherein at least 
one series of projections (22a-d) is comprised 

5 of four projections. 

8. An indenting die as in Claim 6 wherein the 
inner face is symmetric about a center axis of 
the die (16). 

10 

9. An indenting die as in Claim 6 wherein the 
protuberances (22a-d, 24-28) are angled at a 
direction perpendicular to a meeting face of 
the die (16) intended to meet with the coop- 

75 erating die (16). 

10. An indenting die as in Claim 6 wherein the 
recess is generally U-shaped. 

20 11. An indenting die as in Claim 6 wherein the 
projections (22a-d, 24-28) are relatively trian- 
gular shaped. 

12. An indenting die as in Claim 11 wherein the 
25 projections (22a-d, 24-28) are comprised of at 

least two different type sized and shaped trian- 
gular projections. 

13. An indenting die as in Claim 12 wherein at 
30 least one of the types of projections has about 

a 90 degree angle at an apex between sides of 
the triangular projections. 

14. An indenting die as in Claim 12 wherein at 
35 least one of the types of projections has about 

a 60 degree angle at an apex between sides of 
the triangular projections. 

15. An indenting die as in Claim 7 wherein the 
40 projections (22a-d, 24-28) are generally located 

relative to each other in each series at about 
30 degree angular spacings. 



45 



an inner face forming a general recess and 
having a plurality of series of individual tooth- 
like projections (22a-d, 24-28) projecting into so 
the recess such that the grounding rod (32) 
can be indented by the die to form a plurality 
of series of individual tooth-like indentations on 
an exterior surface of the rod (32) and a con- 
nector (34) can be compressed onto the rod 55 
with portions of the connector being deformed 
into the individual indentations in each series 
to fixedly connect the connector (34) to the rod 
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